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(57) Abstract 

The present invention relates to arrangements and methods for radio frequency modulation and power amplification of an information 
signal (Xif). Modulation and amplification of the information signal (Xif) is carried out with very high linearity and efficiency over a wide 
frequency band by sigma-delta modulating (410) said information signal (X] F ), whereby a digital signal (Y) is generated. The digital signal 
(Y) is up-mixed and voltage switched (420) by voltage-fed switches (423) controlled by the up-mixed digital signal (RF). Said switches are 
preferably conductive elements whose electric conductivity depend on the amount of ionising radiation that fails on the elements. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS< 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


I *at via 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


Unked Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajik). si an 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali- 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


1L 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazak&tan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EH 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/11683 



i 



PCT/SE97/01409 



ARRANGEMENTS AND METHODS FOR GENERATING A RADIO FREQUENCY 

SIGNAL 

FIELD OF INVENTION 

The present invention relates to arrangements for modulation and power amplification of low 
frequency or intermediate frequency information signals to a radio frequency signal, wherein 
high linearity and high efficiency are achieved simultaneously over a wide frequency band. 
Seen generally, the invention relates to arrangements for the modulation and power 
amplification of an M-ary digital signal, i.e. a signal which includes M-number of different 
discrete signal values where M is an integer greater than or equal to two. 

The invention also relates to methods that are applied with such arrangements. 
DESCRIPTION OF THE BACKGROUND ART 

In traditional power amplification of radio frequency signals, it is necessary, in principle, to 
choose either between a high, efficiency or high linearity. For instance, a class C-type 
amplifier provides high efficiency while the linearity is insufficient for broadband applications 
for instance, whereas a class A-type amplifier is relatively linear but has low efficiency. 

When using one and the same amplifier for the simultaneous amplification of several 
information signals modulated on different carrier waves, or when using linear modulation 
formats, such as QAM (QAM = Quadrature Amplitude Modulation) for instance, there is 
required a power amplifier whose linearity is extremely high, since it is essential in such cases 
that all the phase and amplitude positions of ingoing signal components are maintained in the 
amplification process. Otherwise, intermodulation can occur between the signal components 
and/or the spectrum of the amplified summation signal can be broadened so as to manifest the 
risk of interference with signals transmitted via other channels. Amplifiers that are adapted for 
simultaneous power amplification of a plurality of narrow band channels, and power 
amplifiers that are intended to amplify a carrier wave on which several CDMA channels 
CDMA - (£ode Division Multiple Access) are superimposed are examples of equipment on 
which the aforesaid high linearity requirement is placed. 
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D. P. Myer investigates how a high bandwidth linear power amplifier can be obtained in his 
article "A Multicarrier Feed-Forward Amplifier Design", Microwave Journal, October 1994, 
pp. 78-88. The forward feed of the input signal to the power amplifier enables certain non- 
linerarities to be compensated for. 

5 In the article "Linear Transceiver Architectures" , 1988 IEEE Vehicular Technology 
Conference, pp. 478-484, A. Bateman, et al, disclose how power amplifiers having. high 
linearity can be obtained alternatively with the aid of cartesian feedback, the LINC principle 
all adaptive pre-distortion (LINC = Linear amplification with Non-linear Components). 

In the article "Linear Modulators Based on RF Synthesis: Realization and Analysis", IEEE 
10 Transactions on Circuits and Systems - 1: Fundamental Theory and Applications, Vol. 42, No. 
6, July 1995, K.-Y. Chan, et al, analyse different methods of creating QPSK-modulated radio 
signals by radio frequency synthesis (QPSK = Quadrature £hase Shift Keying). Ail methods 
involved utilise the so-called CALLUM principle, which is a further development of the 
LINC principle (CALLUM = Combined Analogue Locked Loop Universal Modulator). 

15 V. F. Dias, et al, render in their article "Sigma-Delta Modulators for High-Resolution and 
Wide-Band A/D Converter Applications", Microelectronics Journal, 25(1994, pp. 253-277, an 
account of broadband applications for single-bit, multi-bit and cascade coupled sigma-delta 
modulators. 

It is known from Patent Specification US-A 5,401,953 to utilise sigma-delta modulators in 
20 single and exponential radio frequency modulation, i.e. radio frequency modulation of 
quadrature-divided signal components. European Patent EP-B1 426 560 also discloses a 
solution in which sigma-delta modulators are used to modulate an input signal exponentially. 

In the article "Complex-Signal Sigma-Delta Modulators for Quadrature Bandpass A/D 
Conversion", Microelectronics Journal, Vol 27, No. 6, 1996, pp. 505-524, V, da Fonte Dias 
25 gives an account of the advantageous noise filtering that can be achieved with the use of 
complex sigma-delta modulators. These modulators make possible noise transmission 
functions that are not symmetrical with respect to dx. voltages. As a result, the design 
methodology can be made very simple with respect to lower and higher order cascade 
topologies for this type of modulator. 
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The article "Progress in UWB Generation with Linear Silicon Switches", Optically Activated 
Switching III, SPIE, Vol. 1873, 1993, pp. 238-248, by K. Cardwell, et ah disclose methods of 
generating ultra bandwidth radar pulses with the aid of light-activated silicon switches, LASS 
(LASS = Light Activated Silicon Switch). 

5 Two different methods of providing very high frequency electromagnetic pulses with the use 
of a pulse laser, optical delay device and a photoconduclive switch are disclosed in the article 
"High Speed, High Resolution Analogue-to-Digital Conversion using a Hybrid Electro-Optic 
Approach", 1995 IEEE International Symposium on Circuits and Systems, pp. 704-707, by R. 
Mason, et al, and in U.S. Patent Specification US-A 5,401,953.- 

10 Highly reliable, long lifetime silicon photoconductive switches are known from the article 
"Long Lifetime Silicon Photoconductive Semiconductor Switches", Optically Activated 
Switching III, SPIE, Vol. 1 873, 1993, pp. 27-38, by A. Rosen. 

The production of plasma for fusion reactors, the detection of X-ray radiation and the 
generation of broadband high power pulses in pulse radar applications are examples of further 
15 fields in which optically activated switches are used. 

SUMMARY OF THE INVENTION 

The present invention presents arrangements and methods for pulse-shaping and power 
amplification of a general information signal, which may be analogue or digital, simple or 
quadrature-divided into two signal components. The solution proposed provides high linearity 
20 and also high efficiency over a wide frequency band. 

Solutions for D/A-conversion and A/D-conversion can be obtained with sigma-deita 
modulation over a large dynamic range, because the oversampling and noise Filtration used 
therewith reduces both the requirement of linearity of the analogue circuits included and the 
matching requirement therebetween. Furthermore, the anti-aliasing filter used in the solutions 
25 can be made relatively simple, wherewith the solutions are well-suited for integrated circuits. 
Unfortunately, there are at present no circuits that are fast enough to synthesise a radio 
frequency signal directly in accordance with this method. 



WO 98711683 



4 



PCT/SE97/01409 



The solution taught by US-A 5.401,953 uses a lowpass single-bit sigma-delta modulator in 
combination with a conventional power amplifier for generating a radio frequency 
information signal. 

The solution described in the article "High Speed, High Resolution Analogue-to-Digital 
5 Conversion using a Hybrid Electro-Optic Approach", 1995 IEEE International Symposium on 
Circuits and Systems, pp. 704-707 by R. Mason, et al, includes a method of generating very 
high frequency electromagnetic pulses with the aid of a pulse laser, optical delay devices and 
photoconductive switches. 

However, no solution has earlier been described in which a signal-delta modulated 
10 information signal is pulse shaped and power amplified with the aid of voltage supplied 
switches that, in turn, are controlled by the pulse-shaped information signal. 

Accordingly, an object of the present invention is to achieve highly effective, linear pulse 
shaping and power amplification of a digital input signal with the aid of a switch unit that 
includes conductive elements that are sensitive, or responsive, to ionising radiation. 

15 A digital signal which can be readily pulse shaped and which is insensitive to non-linearities 
in the power amplifier is obtained beneficially by sigma-delta modulation. A sigma-delta 
modulator can generate numerous signal values from arbitrary analogue or digital information 
signals. 

A first arrangement proposed in accordance with the invention sigma-delta modulates an 
20 incoming information signal and generates a digital signal that can assume M-nurnber of 
different discrete signal values. The digital signal is then converted in a mixing and 
amplifying unit to a voltage switched information-carrying signal from which a desired part of 
the spectrum of the signal is extracted by filtration. A voltage switched signal is obtained from 
the digital signal by controlling M switches in accordance with the information content of the 
25 digital signal. Each switch is connected to a switch-unique supply voltage and to an output 
that is common to all switches. When a given switch is closed, the supply voltage of said 
switch becomes available on the output. The switches are controlled so that only one switch is 
closed at a time. The voltage switched information-carrying signal is comprised of the voltage 
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variations on the output common to said switches. The inventive arrangement is characterised 
by the features set forth in the following Claim 1 . 

In a second arrangement proposed in accordance with the invention, two digital signals are 
generated from two quadrature-divided information -signal components, by separate sigma- 
delta modulation of respective signal components. The digital signals can take M-different 
discrete signal values. The digital signals are converted to voltage switched information- 
carrying signals in two mixing and amplifying units, whereafter the information-carrying 
signals are added in a downstream summating unit in which a summation signal is formed. 
The desired pan of the spectrum is taken finally from summation signal by filtration. A 
voltage switched signal is produced from the digital signals in the same way as that described 
above, by controlling M-switches in accordance with the information content of respective 
digital signals. This arrangement has the characteristic features set forth in the following 
Claim 2. 

A third arrangement proposed in accordance with the invention generates two quadrature- 
divided digital signals from an incoming information signal with the aid of a sigma-delta 
modulator. The digital signals can take M-number of different discrete signal values. Voltage 
switched information-carrying signals corresponding to the digital signals are generated in 
two mixing and amplifying units, these information-carrying signals being summated in a 
downstream summation unit to form a summation signal. A desired part of the spectrum is 
separated from the summation signal by filtration. Voltage switched signals are produced 
from the digital signals, by using M switches in the same way as that described with regard to 
the first proposed arrangement. The arrangement is thus characterised by the features set forth 
in the following Claim 3. 

The invention also relates to a method for pulse-shaping and power amplification of an 
incoming information signal. According to the method, the information signal is restructured 
to a digital signal that includes M-discrete signal values, by sigma-delta modulation. The n-bit 
words, where n= 2 logM for instance, representing the digital signal are multiplied by a given 
symbol sequence, which may be a so-called Hadamard sequence, for instance. A binary local 
oscillator signal 0, 1] is a simple example of a possible Hadamard sequence. However, any 
other symbol sequence that is repeated periodically will do equally as well. Those symbols 
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included in the symbol sequence may also be m-near, i.e. each symbol may take one of in- 
different discrete values. 

The signal resulting from the multiplication process is decoded and controlled, or steered, to a 
given switch of M possible switches in accordance with the value concerned. Each switch is 
connected to a switch-unique supply voltage and also to an output which is common to all 
switches. When a given switch is closed, its supply voltage becomes available on said output 
and the switches are controlled so that only one switch will be closed at a time. The voltage 
switched information-carrying signal is comprised of the voltage variations on the common 
output of said switches. A desired part of the spectrum is extracted from the information- 
carrying signal by bandpass filtration. This method is characterised by the features set forth in 
the following Claim 12. 

A second inventive method for pulse-shaping and power amplification of an incoming 
information signal comprises restructuring the information-carrying signal to a digital signal 
by sigma-delta modulation, wherein said digital signal may take M-different discrete signal 
values. The digital signal is decoded and controlled, in accordance with the value concerned, 
to a given pulse generator which delivers a pulse of specific length. The pulse is converted to 
ionising radiation and divided up into different components. Each component is sent through a 
separate delay element, all delay elements generating different signal delays. The pulses of 
ionising radiation are then combined to M pulse-trains such that the pulse trains together will 
represent a product signal of the digital signal and a given symbol sequence. Each pulse train 
of ionising radiation irradiates a given conductive element, the electrical 'conductivity of 
which depends on the amount of ionised radiation that impinges or falls on the element. When 
impinged upon by ionising radiation, each conductive element will deliver to an output that is 
common to all conductive elements a supply voltage which is unique to said element. The 
conductive elements are irradiated in a manner such that only one element will be conductive 
at any given moment in time. This method is characterised by the features set forth in the 
following Claim 14. 

A third inventive method for pulse-shaping and power-amplifying incoming information 
signals involves sigma-delta modulating two quadrature-divided information signal 
components into two M-near digital signals, i.e. signals that can each take M-different discrete 
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signal values. The digital signals are mixed and amplified separately, although the same 
symbol sequence is used in the up-mixing process. However; the second digital signal is 
mixed with a symbol sequence that is displaced one-quarter period in relation to the symbol 
sequence that is used for up-mixing the first digital signal. A voltage switched signal is 
created with the aid of a switch unit that utilises ionising radiation and M-conductive elements 
in one of the aforedescribed ways. The up-mixed and voltage-switched signals are summated 
to provide a summation signal, whereafter the desired power signal is obtained by filtration of 
the summation signal. This method is characterised by the features set forth in the following 
Claim 15. 

In a fourth inventive method for pulse shaping and power-amplifying an incoming 
information signal, the information signal is divided into two quadrature components by 
sigma-delta demodulation, wherein the components are mixed, amplified, combined and 
filtered analogously with the last described method.. This fourth method is characterised by the 
features set forth in the following Claim 16. 

The proposed arrangements and methods thus solve both the problems encountered with 
present-day MCPA solutions and those problems with which all hitherto known linear 
modulation systems are encumbered with regard to efficiency and linearity, without the first- 
mentioned being achieved at the cost of the last-mentioned or vice versa. The oversampling 
and noise filtration applied in the sigma-delta modulating process makes possible high 
linearity of the output signal while, at the same time, enabling non-linear power amplifiers 
based on switch technology to be used. 

Pulse-shaping and power amplification of information signals with the aid of sigma-delta 
modulation and switch-based amplification avoids combining high power signals. This 
enables radio signals to be generated without using bulky power combiners. Furthermore, it is 
not necessary to match the phase or amplitude of ingoing signal components, wherewith 
circuit implementation for an incoming analogue information signal is relatively simple. The 
circuitry is further simplified by the fact that microwave construction can be avoided even 
when generating radio signals in the microwave range. 

Pulse-shaping and power amplification with the aid of sigma-delta modulators in accordance 
with the invention obviates the need of trimming the ingoing components. In addition, the 
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construction can be scaled to very high voltages and powers. The amplifier may include wide 
bandwidths, despite having a high power output. Because of the wide bandwidth of the 
amplifier, relatively low demands are also placed on transmitter filters. The optical switches 
of the switch unit also give perfect backward isolation and minimum jitter. 

5 Solutions with which quadrature-divided information-signals are sigma-delta modulated, 
mixed and amplified separately, or wherewith the sigma-delta modulator generates 
quadrature-divided digital signals, are very easily implemented. However, it is necessary to 
accurately match phase and amplitude between the ingoing signal components, i.e. between 
the I-channel and Q-channei. 

10 The invention also enables a compromise to be made between oversampling factor and circuit 
complexity, by combining multi-bit sigma-delta modulators with multi-level type power 
amplifiers. 

The proposed method and arrangement also enable a plurality of CDMA channels to be 
superimposed on one and the same carrier wave, or of simultaneously amplifying several 
15 narrow band carrier waves within a given frequency band. 

OFDM signals that have high peak factors PF, i.e. high quotients between maximum peak 
power P p and mean effect capped P may be amplified effectively in accordance with the 
proposed method since the method affords very high dynamics. 

Finally, the proposed method provides small, inexpensive and simple circuit solutions for 
20 MCPA applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block schematic of a known sigma-delta modulator for a digital input signal; 
Figure 2 is a block schematic of an earlier known sigma-delta modulator for an analogue input 
signal; 

25 Figure 3 illustrates an example of an output signal from a four-level sigma-delta modulator 
supplied with a sine signal; 
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Figure 4 is a block schematic illustrating an arrangement for pulse-shaping and power- 
amplifying a general information signal in accordance with a first embodiment of the 
proposed method; 

Figure 5 is a circuit diagram illustrating a First variant of the mixing and amplifying unit 420 
5 in Figure 4; 

Figure 6 is a circuit diagram illustrating a second variant of the mixing and amplifying unit 
420 in Figure 4; 

Figures 7a- 7c illustrate diagrammatically an example of how the signal amplitude for the three 
most important signals in Figures 5 and 6 can vary with time; 
10 Figure 8 is a circuit diagram illustrating a third variant of the mixing and amplifying unit 420 
in Figure 4; 

Figures 9a-9c illustrate diagrammatically an example of how the signal amplitude for the three 
most important signals in Figure 8 can vary with time; 

Figure 1 0 is a circuit diagram of a fourth variant of the mixing and amplifying unit 420 in 
15 Figure 4; 

Figure 11 is a block schematic illustrating an arrangement for pulse-shaping and power- 
amplifying a general information signal in accordance with a second embodiment of the 
proposed method; 

Figure 12 is a circuit diagram of the mixing and amplifying unit 1 1420 in Figure 1 1 ; 
20 Figures 13a- 13d illustrate diagrammatically an example of how the signal amplitude for the 
three most important signals in Figure 12 can vary with time; 

Figure 14 is a block schematic illustrating an arrangement for pulse-shaping and power- 
amplifying a general information signal that has been divided into quadrature signal 
components in accordance with a third embodiment of the proposed method; 
25 Figure 15 is a block schematic illustrating an arrangement for dividing a general information 
signal into quadrature signal components that are pulse-shaped and power amplified in 
accordance with a fourth embodiment of the proposed method; 

Figure 16 is a block schematic illustrating an arrangement for pulse-shaping and power- 
amplifying a general information signal that has been divided into quadrature signal 
30 components in accordance with a fifth embodiment of the proposed method; and 
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Figure 17 is a block schematic illustrating an arrangement for dividing a general information 
signal into quadrature signal components which are pulse-shaped and power amplified in 
accordance with a sixth embodiment of the proposed method. 

The invention will now be described in more detail with reference to preferred exemplifying 
5 embodiments thereof and also with reference to the accompanying drawings. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Figure 1 is a block schematic that illustrates how an incoming digital signal X D is modulated 
typically in a sigma-delta modulator to form a digital output signal Y. It is assumed for the 
sake of simplicity that the digital output signal Y is binary, i.e. is able to take two different 

10 signal values, such as one 1 and minus one -1. However, the output signal Y may 
conveniently include several bits in practice and can therewith be said to assume more than 
two different signal values. A summator 1 10 forms a difference signal e between the incoming 
signal X D and the output signal Y. the difference signal e is filtered in a digital filter 120 with 
the transmission function H, therewith obtaining a filtered signal h(e). This signal h(e) is 

15 compared with a reference level in a clocked CIC quantisizer 130. If the filtered signal h(e) 
exceeds the reference level, the quantisizer 130 delivers a first digital signal, for instance a 
one 1, whereas if the filtered signal h(e) is beneath the reference level, the quantisizer 130 
delivers a second digital signal, e.g. a minus one -1. The reference level is, as a rule, set to the 
arithmetical mean value of the two nearest possible signal values of the output signal Y. Thus, 

20 M-l reference levels are required when the output signal Y includes an alphabet of M possible 
signal values. The reference level is thus set to zero in the special case of when the output 
signal Y is binary and includes the symbols 1 and -1. 

Correspondingly, Figure 2 is a block schematic illustrating how an incoming analogue signal 
X A is modulated typically in a sigma-delta modulator and forms a digital output signal Y, 

25 which is also binary in this case. A difference signal e between the incoming signal X A and an 
analogue correspondence Y A to the digital output signal Y is determined by a summator 210. 
The difference signal e is filtered in an analogue filter having the transmission function H, 
wherewith a filtered signal h(e) is formed. The filtered signal h(e) is compared with the 
voltage level zero volt in a clock CK comparator 230. If the filtered signai h(e) exceeds the 

30 zero level, the comparator 230 delivers a first digital signal, e.g. a one 1, whereas if the 
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filtered signal h(e) is beneath the zero level, the comparator 230 delivers a second digital 
signal, e.g. a minus one -1. However, the output signal Y will preferably include more than a 
single bit in the analogue case, since a given resolution therewith requires a lower sampling 
rate. The output signal Y is converted to a corresponding analogue signal Y A in a clocked CK. 
D/A converter 240 and returned to the summator 210. In order to ensure synchronisation 
between the D/A converter 240 and the comparator 230, these two units 230, 240 are 
controlled by the same clock signal CK. 

The transmission function ^ of the sigma-delta modulator, where X=X D or X A , has a 

iowpass character and hence the desired spectrum of the output signal Y is obtained by 
lowpass filtering the output signal. However, in the majority of radio applications die 
transmission function H of the digital filter 120 will preferably be a bandpass-type function. 

since the quantisizing noise e=X-Y having the transmission function ^=— ^— can therewith 

E 1+h 

be moved effectively outside the useful frequency spectrum of the output signal Y. 

Figure 3 shows an example of an output signal from a sigma-delta modulator having four 
possible out put signal values 3u, lu,~^lu and -3u whic h are supplied with an analogue sinus 
signal X(t)=2usin(2m/T, i.e. having amplitude 2u and period time T. In the illustrated"" 
example, the sampling frequency of the sigma-delta modulator has been chosen to be 48 times 
higher than the frequency of the sinus signal, meaning that the oversampling factor is equal to 
24. Consequently, 48 samples of the output signal Y(t) are used to represent one period of the 
input signal X(t. Seen statistically, the output signal Y(t) will most often take the value lu 
when the input signal X(t lies above a first reference level 0 but beneath a second reference 
level 2u, whereas when the input signal X(t exceeds the reference level 2u, the output signal 
Y(t) will often take the value 3u, and so on. The output signal Y(t) in question is dependent on 
both the input signal X(t and the value of the nearest preceding output signal Y(t-l). Seen 
generally, the output signal Y(t) will therefore alternate randomly between two adjacent signal 
values from sample to sample. When the input signal X(t) is roughly equal to zero, the output 
signal Y(t) will switch randomly between the values lu and -lu. The output signal Y(t) will 
correspondingly vary randomly between lu and 3u when the input signal X(t) is 
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approximately equal to 2u 7 and between -lu and -3u when the input signal X(t is about -2u. 
However, even greater random variations occur as will be evident from Figure 3. 

Figure 4 is a block schematic which illustrates a first embodiment of an inventive 
arrangement. The arrangement pulse shapes and power amplifies an incoming information 
5 signal Xjp, by first processing the information signal X iF in a sigma-delta modulator 410. The 
sigma-delta modulator 410 may be a so-called bandpass-type modulator, meaning that its 
component filters 120 and 220 respectively have a bandpass filtering character, or a so-called 
lowpass-type modulator, meaning that its component filters 120 and 220 respectively have a 
lowpass filtering character. The sigma-delta modulator 410 may either be digital, as described 

10 with reference to Figure 1 above, or analogue as illustrated in Figure 2, depending on whether 
the information signal X ]F is digital or analogue. An M-near digital 'output signal. Y, i.e. a 
signal that can take M-different discrete values, is delivered on the output of the sigma-delta 
modulator 410. The digital signal Y represents a version of the information signal Xj F that is 
sampled f s times per second. The digital signal Y is received in a mixing and amplifying unit 

1 5 420 which includes a mixing unit 421, a decoding unit 422 and a switch unit 423. The digital 
signal Y is up-mixed in the mixing unit 42 1 with the aid of a given symbol sequence B to 
form a radio frequency signal RF. The symbol timing f B of the symbol sequence B is chosen 
to be equal to a multiple n of the sampling frequency f s , i.e. f B = n f s . As a result of this choice, 
repetitions of the spectrum of the radio frequency signal RF over the Nyquist frequency at 

20 aliasing distorsion are aliased precisely over corresponding signal spectra beneath the Nyquist 
frequency and do not therewith degenerate the useful signal. 

The radio frequency signal RF is controlled to a given input of the switch unit 423 with the 
aid of the decoding unit 422. There is generated in the switch unit 423 a voltage switched 
information-carrying signal P which is filtered in a filtering unit 430. A desired frequency 

25 band is extracted from the voltage switched signal P in the unit 430. The filtering unit 430 
will preferably comprise a bandpass filter whose centre frequency f 0 is delivered on the output 
of the bandpass filtering unit 423. When wishing to obtain a signal spectrum around a higher 
multiple, e.g. m where m>n, of the symbol rate f B of the symbol sequence B, there is instead 
chosen a centre frequency f 0 corresponding to this multiple, i.e. f 0 =m'f B . When the voltage 

30 switched signal P contains only low frequencies, such as in the case of audio applications for 
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instance, it may be applicable for the filtering unit 430 to have the form of a lowpass filter of 
suitable bandwidth instead. 

Figure 5 is a circuit diagram of a first variant of the mixing and amplifying unit 420 shown in 
Figure 4. A binary digital input signal Y is received by a mixing unit 421, where the signal Y 
5 is multiplied by a bit sequence B in a multiplier 5100. This can be effected, for instance, by an 
EXCLUSIVE OR gate XOR. A radio frequency signal RF is formed in the multiplication 
process. The bit sequence B is generated in a code sequence generator 5110 and is, 
advantageously, a Hadamard sequence, for instance I, 0] which is repeated in a continuous 
loop. The bit sequence B may, however, consist of any selected combination of m-near 
10 symbols that are repeated without interruption. 

The mixing unit 421 also includes a clock pulse generator 5120 .which generates a 
synchronising signal CL to the code sequence generator 51 10 and the signal-delta modulator 
410. The synchronising signai CL ensures that the sigma-delta modulator 410 and the code 
sequence generator 5110 operate synchronously. 

15 The radio frequency signal RF is controlled in a decoding unit 422 to a first input of the 
switch unit 423 when the radio frequency signal RF has a first value, for instance 1, and to a 
second input when the radio frequency signal RF has a second value, for instance 0. In the 
binary case, decoding may be effected with the aid of an inverter 5200 which delivers the 
inverse of the radio frequency signal RF to the second input of the switch unit 423. 

20 When the radio frequency signal RF has the signal value 1 , there is activated in the switch unit 
423 a first unit for generating ionising radiation 5310, whereas when the radio frequency 
signal RF has the signal value 0 the inverter 5200 delivers a signal that activates a second unit 
for generating ionising radiation 5320. In this variant of the mixing and amplifying unit 420, 
the ionising radiation comprises electromagnetic energy in the light wavelength region, and 

25 hence the units 53 10 and 5320 respectively are laser units or other light-emitting units, such as 
light-emitting diodes, for instance. Each respective light-generating unit 5310 and 5320 
generates a respective optical signal O] and o 2 when activated, this signal being transmitted to 
respective conducting elements 5330 and 5340 via an optical transmission medium. The 
primary transmission medium used in this regard are optical fibres, although air, prisms or 

30 glass rods are also suitable media for transmitting the respective optical signals o h o 2 . The 
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conductive elements 5330, 5340 consist of a material whose electrical conductivity depends 
on the .amount of light impinging thereon, in other words the conductive elements are 
photoconductive switches. These switches may be transistors, thyristors or diodes. The active 
part of the photoconductive switches may conveniently comprise a substrate of gallium 
5 arsenide GaAs, gold doped silicon Au/Si 10" 6 or copper doped silicon Cu/Si 1CT 6 . The 
desired recombination time and therewith indirectly the on and off times of the 
photoconductive switches can be tailor-made by varying the impurity content of the substrates 
of the switches. 

The first photoconductive switch 5330 is connected to a positive supply voltage +U and an 
10 output. The second photoconductive switch 5340 is connected to a negative supply voltage -U 
which will conveniently have the same absolute value as the positive supply voltage +U and 
the same output as the first photoconductive switch 5330. When the first photoconductive 
switch 5330 is irradiated with light o u its supply voltage +U will be available on said output, 
whereas when the second photoconductive switch 5340 is irradiated with light o 2 the supply 
15 voltage -U of the switch will be available on the output instead. The radio frequency radiation 
RF is decoded so that only one of the photoconductive switches will be closed at any one 
mcment in time. The' voltage switched information-carrying signal P can therefore be read as 
voltage variations on the common output of the photoconductive switches 5330, 5340. 

The ionising radiation may also be electromagnetic radiation of X-ray length, or may consist 
20 of free electrons accelerated over a potential bridge. A gaseous medium, such as air for 
instance, may be used for X-ray transmission, whereas a vacuum is a more suitable 
transmission medium for electron rays. Conductive elements whose active parts consist of a 
material having a relatively large bandgap can be chosen in respect of electron rays and 
ionising . radiation of X-ray wavelength. Diamond and silicon, carbide SiC are examples of 
25 such material. A larger bandgap of the conductive elements results in a lower dark current, 
which in turn results in a lower noise level of the voltage-switched information-carrying 
signal P. However, the larger the bandgap of the conductive element, the more energy 
required per delivered photon. Naturally, conventional photoconductive elements may also be 
controlled by X-ray radiation and electronic rays. Conductive elements that utilise so-called 
30 photoquenching are also applicable for all types of ionising radiation. Photoquenching induces 
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a higher recombination rate in the conductive element, which enables the switch to open more 
rapidly than in the case of traditional photoconductive switching. 

Figure 6 is a circuit diagram of a second variant of the mixing and amplifying unit 420 of 
Figure 4. A binary digital signal Y is taken into a mixing unit 421 and there multiplied by a 
bit sequence B in a multiplier 6100. A radio frequency signal RF is generated in the 
multiplication process, in the same way as that described with reference to Figure 5. The bit 
sequence B is produced in a code sequence generator 6110 which is clocked by a 
synchronising signal CL from a clock pulse generator 6120. The synchronising signal CL is 
also passed to the sigma-delta modulator 410 with the intention of ensuring coordination 
between the sigma-delta modulator 410 and the code sequence generator 61 10. 

The radio frequency signal RF is passed to an optical signal selector 6210 in a decoding unit 
422. When the radio frequency signal RF assumes a first signal value, for instance 1, a 
constant optical signal O is sent from a light-generating unit 6200, e.g. a laser unit, to a first 
photoconductive switch 6310 in the switch unit 423 in the form of a first. optical signal o u 
whereas when the radio frequency signal RF assumes a second signal value, for instance 0, the 
optical signal O is sent to a second photoconductive switch 6320 in the form of a second 
optical signal o 2 . Since the rate at which the optical signal selector 6210 is able to control the 
optical signal O is, in principle, inversely proportional to the power of the optical signal O, it 
is desirable that the power of the optical signal O will be as low as possible. The optical 
power with which the photoconductive switches 6310, 6320 are illuminated shall be relatively 
high. Consequently, when pulse-shaping and switching at high data speeds, the switch unit 
423 will also preferably include optical amplifiers that amplify the optical signals o u o 2 prior 
to said signals being passed to respective photoconductive switches 63 10 and 6320. 

Figure 7a is a diagrammatical illustration of an example of how the signal amplitude Y(nT s ) 
of the binary digital input signal Y in Figures 4-6 can vary with time t. The underlying 
information signal is assumed to be sampled 1/T S times per second, meaning that the interval 
between two consecutive samples is T s seconds. Shown along the horizontal axis of the 
diagram is a parameter n that denotes sampling intervals instead of time t. The diagram 
represents the binary signal Y(nT s ) as a function of n'T s . The signal Y(nT s ) may assume the 
values 1 or 0 in the case of this example. 
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Figure 7b illustrates the bit sequence B from the code sequence generator 5120 in Figure 5 
and 6120 in Figure 6. this bit sequence B has a much higher bit rate than the digital signal Y. 
In this example, the bit rate of the bit sequence B has been chosen as f s xl0, which corresponds 
roughly to the lower limit of a reasonable value in practice. In this case, the bit sequence B 
5 assumes alternating values 6 and 1, which are represented along the vertical axis of the 
diagram. Time t is shown along the horizontal axis of the diagram. 

Figure 7c illustrates the voltage switched information-carrying signal P in Figures 4-6. The 
diagram shows the signal P(t) as the function of time t. The amplitude of the voltage switched 
signal P(t) corresponds to the absolute value U of the supply voltages +U and -U respectively 
10 and its phase position is controlled by the value 170 of the digital signal Y. When the digital 
signal Y has the value 0, the voltage switched signal P(t) is identical with the bit sequence. B, 
v/hereas when the digital signal Y has the value I, the voltage switched signal P(t) is an 
inverted copy of the bit sequence B. 

Figure 8 is a circuit diagram of a third variant of the mixing and amplifying unit 420 in Figure 
15 . 4, in which the digital input signal Y is quaternary, in other words is able to assume four 
different discrete signal values. The digital signal Y is received by a mixing unit 421 in which 
the signal is multiplied by a bit sequence B and generates a radio frequency information- 
carrying signal RF. Multiplication is effected with the aid of a multiplier 5100 whose one 
factor is comprised of a two-bit word y 1? y 2 from the digital signal Y and whose other factor is 
20 a bit from the bit sequence B. The product, in other words the information-carrying signal RF, 
is represented in the form of two binary bits rf l5 rf 2 that activate one of four outputs e r e 4 of a 
decoding unit 422. When the information-carrying signal RF assumes a first value, e.g. 
rf j rf 2 =00, a signal is delivered on a first output e,, whereas when the information-cauying 
signal RF assumes a second value, e.g. rf t rf 2 =01 , a signal is delivered on a second input e 2 and 
25 when the information-carrying signal RF assumes a third value, e.g. rfjrf 2 =10, a signal is 
delivered on a third output e 3s and when the information-carrying signal RF assumes a fourth 
value, e.g. rf t rf 2 =l 1, a signal is delivered on a fourth output e 4 . 

The signals on the output e r e 4 are converted to optical energy o r o 4 in light generating units 
8310-8340 in a switch unit 423. Each optical signal o r o 4 irradiates a given photoconductive 
30 switch 8310-8340 whose conductivity depends on the amount of light that meets the switch. 
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All photoconductive switches 3350-8330 are connected to an output common to all said 
switches. The first switch 8350 is also connected to a first positive supply voltage +U; the 
second switch 8360 is connected to a first negative supply voltage -U; the third switch 8370 is 
connected to a second positive supply voltage +3U that is higher than said first positive 
5 supply voltage +U ; and the fourth switch 8380 is connected to a second negative supply 
voltage -3U which is higher than said first negative supply voltage -U. When the 
photoconductive switches 8350-8380 are met by light pulses o r o 4> the respective voltage 
sources +U, -U, +3U, -3U deliver power to the common output in time with the variations of 
the radio frequency signal RF=rf t rf 2 . This results in the delivery on the output of the switch 
10 unit 423 of an information-carrying voltage-switched signal P having an information content 
corresponding to the information content of the digital input signal Y. 

The mixing unit 421 also includes a clock pulse generator 8120 which generates a 
synchronising signal CL to a code sequence generator 8110 and the sigma-delta modulator 
410, The synchronising signal CL ensures that the sigma-delta modulator 410 and the code 
1 5 sequence generator 8110 operate synchronously. 

The optical signals o r o 4 may, of course, also be comprised of ionising radiation of the 
aforementioned kind, i.e. X-ray radiation or electron beams. The photoconductive switches 
8350-8380 may, in these cases, be replaced with conductive elements whose bandgaps are 
greater than those of the photoconductive elements. 

20 Figure 9a is a diagrammatic illustration of an example of the signal amplitude Y(nT 5 ) for the 
quaternary digital input signal Y in Figure 8 as a function of the sampling interval n. The 
underlying information signal is assumed to be sampled 1/T S times per second also in this 
case. The signal Y(nT 5 ) can assume four different signal values: y,y 2 = 00, 01, 10 or 11. 

Figure 9b illustrates the bit sequence B from the code sequence generator 8110 in Figure 8. 
25 The bit rate of the bit sequence B is much higher than the bit rate of the digital input signal Y, 
and its amplitude alternates between the values 1 and 0. The diagram shows the amplitude 
B(t) along the vertical axis. The time t is shown along the horizontal axis. 

Figure 9c illustrates diagrammatical ly how the voltage switched information-carrying signal P 
in Figure 8 varies with time t. The amplitude of the voltage switched signal P(t) varies 
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between the absolute values U and 3U of respective supply voltages +IJ, -U, 3U, -3U, and its 
phase position is controlled by the polarity of the digital signal Y. When the digital signal Y 
has positive polarity, i.e. has a value whose least significant bit is a zero 00 or 10, the phase 
position of the voltage switched signal P(t) coincides with the phase position of the bit 
5 sequence B(i) y whereas when the digital signal Y(nT s ) has negative polarity, i.e. a value whose 
least significant bit is a one 01 or 1 1, the voltage switched signal P(t) has an opposite phase 
position to the bit sequence B(t), When the digital signal Y(nT s ) has the value 00 or 01, the 
voltage switched signal P(t) assumes a first amplitude U, whereas when the digital input 
signal Y(nT s ) has the value 10 or 11, the voltage switched signal P(t) assumes a second 
10 amplitude 3U. The four positional alphabet 00, 01, 10, 1 1 of the digital signal Y(nT s ) is thus 
represented in the voltage switched signal P(t) by a combination of two different amplitude 
levels U and 3U and two different phase positions 0° and 180°. 

Figure 10 is a circuit diagram of a fourth variant of the mixing and amplifying unit 420 in 
Figure 4, where the digital input signal Y is assumed to be M-near, i.e. includes M-different 

15 discrete signal values. The signal Y is received in a mixing unit 421, in which it is multiplied 
by a bit sequence B and generates a radio frequency information-carrying signal RF=Tf l5 rf 2 , 
rf n . Multiplication is effected with the aid of a multiplier 10100 whose one factor is 
comprised of an n-bit word y u y 2i ...,' y n; where n= 2 logM from the digital signal Y, and whose 
other factor is a bit from the bit sequence B. The product, in other words the information- 

20 carrying signal RF is represented in the form of n binary bits rf b rf 2 , rf n , which activate one 
of M outputs e r e M of a decoding unit 422. When the information-carrying signal RF assumes 
a first value, for instance rf 1 ...rf 2 =0...0, a signal is delivered on a first output ej, whereas when 
the information-carrying signal RF assumes an n:th value, for instance rf 1 ...rf 2 =l...l, a signal 
is delivered on an M:th output e M . All other M-2 outputs of the decoding unit 422 can be 

25 activated by intermediate M-2 combinations of the n bits in the information-carrying signal 
RF. 

The signals on the outputs e r e M are converted to optical energy in light-generating units 
10310-10315 in a switch unit 423. Each optical signal irradiates a given photo conductive 
switch 10320-10325, the conductivity of which depends on the amount of light that falls on 
30 the switch and the physical dimensions of said switch. All photoconductive switches 10320- 
10325 are connected to an output common to all switches. Furthermore, each switch is 
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connected to a switch unique supply voltage. Thus, the first switch 10320 is connected to a 
first positive supply voltage +U\ the second switch 8360 is connected to a first negative 
supply voltage -U, and so on up to the M-l switch 10324 which is connected to an M/2 
positive supply voltage +(M-1)U and the M:th switch 10325 which is connected to an M/2 
negative supply voltage -(M-l)U. When light pulses impinge on the photoconductive switches 
10320-10325, the voltage sources +U, -U, +3U, +(M-1)U, -(M-l)U deliver power to the 
common output in time with the variations of the radio frequency signal RF=rf l rf,...rf n . This 
results in the delivery of an information-carrying voltage switched signal P whose information 
content corresponds to the information content of the digital input signal Y on the output of 
the switch unit 423. 

The alphabet of M-differem signal values of the digital input signal Y is thus represented in 
the voltage switch signal P(t) by a combination of M/2 different amplitude levels U, 3U, 5U, 
M-1)U and two different phase positions 0° and 180°. The amplitude levels may, for 
instance, relate to each other as the numbers in the series 2i-l)U; where i=l, 2, M/2. Other 
distributions of the amplitude levels are also possible, however, using knowledge of the 
statistic behaviour of the input signal, for instance. 

The mixing unit 421 of the illustrated embodiment also includes a clock pulse generator 
10120 which generates a synchronising signal CL to a code sequence generator 101 10 and the 
sigma-delta modulator 410. The synchronising signal CL ensures that the sigma-delta 
modulator 410 and the code sequence generator 10110 operate synchronously. 

The optical signals may, of course, be replaced with ionising radiation of the kinds earlier 
discussed, i.e. X-rays and electron rays. In these instances, the photoconductive switches 
10320-10325 can be replaced with conductive elements whose bandgaps are greater than the 
bandgaps of the photoconductive elements. 

Figure 1 1 is a block schematic illustrating an arrangement according to a second embodiment 
of the invention. The arrangement radio frequency modulates and power amplifies an 
incoming information signal X IF by first processing the information signal X iF in a sigma- 
deJta modulator 11410. The sigma-delta modulator 11410 may be a so-called bandpass type or 
iowpass type. The sigma-delta modulator 11410 may either be digital, as described with 
reference to Figure 1, or analogue, as illustrated in Figure 2, depending on whether the 
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information signal X !F is digital or analogue. An M-near digital output signal Y is delivered 
on the output of the sigma-delta modulator. The digital signal Y represents a version of the 
information signal X 1F that is sampled f s times per second. A mixing and amplifying unit 
1 1420 which includes a decoding unit 1 1422, a mixing unit 1 1421 and a switch unit 1 1423 
5 receives the digital signal Y. 

The decoding unit 1 1422 controls the digital signal Y to one of M mixing devices in the 
mixing unit 1 1421, depending on the value in question of the digital signal Y. 

The digital signal Y is up-mixed in the mixing unit 11421 to a radio frequency information- 
carrying signal RF, by signal division, delay and combination. The delay and combination 
10 gives a result corresponding to the result obtained in the first embodiment of the invention 
when multiplying the digital signal Y by a given bit sequence B, 

The radio frequency signal RF is amplified with the aid of a switch unit 1 1423 to a voltage 
switched information-carrying signal P which Is filtered in a filtering unit 11430. A band- 
lirnited power signal P BP is extracted from the information-carrying signal P in said unit 
15 11430. 

Figure 12 illustrates an example of circuitry for the mixing and amplifying unit 11420 in 
Figure 11 in the case of a binary digital signal Y, i.e. a signal that can assurqe two different 
discrete signal values. A decoding unit 11422 controls the digital signal Y to a first pulse 
emitter 121 10 in a mixing unit 1 1421 when the digital signal Y has a first value, for instance 
20 1, and to a second pulse emitter 12120 when the digital signal Y has a second value, for 
instance 0. In this binary case, decoding can be effected with the aid of an inverter 12200 
which delivers the inversion of the digital signal Y to the second pulse emitter 12120 of the 
mixing unit 1 1421. 

When the pulse emitters 12110, 12120 in the mixing unit 11421 receive the input signal 1, 
25 they generate a positive pulse of given length. The pulse emitters are then inactive until again 
receiving the input signal 1 . In order for a pulse to be emitted, the time between two incoming 
Is ones must exceed the symbol time T s of the digital signal Y. Each pulse emitter 12110, 
12120 delivers an output signal to a separate light generating unit 12130 and 12140 
respectively, which converts the pulse into an optical pulse o l9 o 2 of equal length. The optical 
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pulses o h o 2 are divided into a plurality of components in splitters 12150, 12160, and said 
components transmitted to combination units 12180, 12190 through the medium of optical 
transmission media, such as optical fibres 12170-12177 for instance, where the components 
are restored. to a combined optical signal c, and c 2 respectively. In one given array of said 
optical fibres 12170, 12173, all fibres have mutually different lengths and therewith delay an 
optical pulse, to different extents/ When an optical pulse is transmitted into an array of optical 
fibres 12170-12173 simultaneously, the pulse exits from a first fibre 12170 at a first time 
point, from a second fibre 12171 at a second time point and at a slightly later time, from a 
third fibre 12172 at a third and still later time point, and from a fourth fibre 12173 at a fourth 
and still later time point. 

Figure 13a illustrates an example of a binary digital input signal Y(nT s ) to the decoding unit 
1 1422 in Figure 12. When a first binary symbol 1, which is represented by a positive signal in 
this example, having a specific symbol time T s is received, the first pulse emitter 12110 
generates a pulse. Illustrated in Figure 1 3b is a first optical pulse o, of specific length i 0 that 
has been generated in the first laser unit 12130 from the pulse deriving from the pulse emitter 
12110. The optical pulse o, is divided in the first splitter 12150 into four identical pulses 
which are transmitted via four optical fibres 12170-12173 of mutually different lengths. A 
first component of the pulse arrives at the first combination unit 12180 from the first fibre 
12170 at a first time point. This component forms a first part of a third combined optical 
signal Cj which irradiates a first photoconductive switch 12310 in a switch unit 1 1423, When 
the light pulse meets the switch 12310, the switch is closed and a third supply voltage +U 
becomes available on the output of said switch unit. This voltage +U forms a first part of the 
voltage switched information-carrying signal P(t) shown in Figure 13d. 

When the first component of the optical pulse 0! is finished, a second component of the 
optical pulse arrives at the second combination unit 12190 via the second optical fibre 12171. 
This second component forms a first part of a second combined optical signal c 2 which 
irradiates a second photoconductive switch 12320 in the switch unit 11423. When the switch 
12320 is met by the light pulse, the switch 12320 is closed and a second supply voltage -U 
becomes available on the output of the switch unit 1 1423. This voltage -U forms a second part 
of the voltage switched information-carrying signal P(t). 
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The remainder of the voltage switched information-carrying signal P(t) is built-up in a 
corresponding manner with the aid of the third 12172 and the fourth 12173 optical fibre 
during the remaining period of the symbol time T s for the second binary symbol 0 in the 
digital signal Y(nT s ). 

5 The second pulse emitter 12120 generates a pulse, where a second binary symbol 0, which in 
this example is represented by the zero level, having the same symbol time T x as the first 
symbol 1 is received. This pulse is converted in the second laser unit 12140 to a second 
optical pulse o 2 whose length t 0 is identical to the length of the first optical pulse o, and which 
is shown in Figure 13c. The optical pulse o 2 is divided into four identical pulses in the second 
10 splitter 12160, these identical pulses being transmitted via four optical fibres 12174-12177 of 
mutually different lengths. A first pulse component arrives at the second combination unit 
12190 via the first fibre 12174 at a first time point. 

This first component forms a part of the second combined optical signal c 2 which irradiates 
the second photoconductive switch 12320. When the switch 12320 is met by the light pulse, 

15 the switch 12310 is closed and the second supply voltage -U becomes available on the output 
of the switch unit 1 1423. At the end of the first component of the optical pulse o 2 , a second 
component of the optical pulse arrives at the first combination unit 12180 via the second 
optical fibre 12175. This second component forms a part of the first combined optical signal 
c, which illuminates the first photoconductive switch 12310. When the switch 12310 is met 

20 by the light pulse, the switch 12310 is again closed and the first supply voltage +U becomes 
available on the output of the switch unit 11423. The remainder of the voltage switched 
information-carrying signal P(t) is built-up in a corresponding manner with the aid of the third 
12176 and the fourth 12177 optical fibre during the remaining part of the symbol time T s for 
the second binary symbol 0. 

25 Thus, the second binary symbol 0 in the alphabet of the digital signal Y is represented in the 
voltage switched information-carrier signal P(t) as a phase inverted copy of the representation 
of the first binary symbol 1 in the alphabet of said digital signal Y. 

As an alternative delaying element to optical fibres, the optical signals o b o 2 may be caused to 
pass through any other suitable transmission medium through paths of mutually different 
30 lengths, for instance through one or more prisms. 
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In this embodiment of the invention, the number of light-generating units, splitters, combining 
units and mutually independent switches is identical to the number of possible signal values 
of the digital signal Y. Thus, when the digital signal alphabet includes M-different symbols, 
M number of light-generating units, M-number of splitters, M-number of combining units and 
M-number of mutually independent switches are required. More than M switches, for instance 
2M switches can be used, when the switched voltages is so high and/or the switching rate is so 
high as to necessitate alternating use of the switches in order to have time to cool the switches 
sufficiently. In this variant of the invention, a pair of switches is controlled in parallel, 
although only one of the switches is voltage-connecting. The number of independent switches 
is thus still M. 

The number of light-generating units can be reduced to one, by using one optical signal, 
selector. This light-generating unit is then controlled in a manner analogous with the manner 
described with reference to Figure 6, in accordance with the value of the digital signal Y to 
M-different splitters. 

The optical signals may, of course, also be replaced by ionising radiation of the kind earlier 
discussed even in this application of the invention. The ionising radiation may, for instance, 
consist of X-rays or electron rays. The photoconductive switches 12310, 12320 can then be 
replaced with conductive elements that are responsive primarily to electromagnetic energy in 
the X-ray wavelength range and to free electrons respectively, the light-generating units 
replaced with X-ray tubes and electron guns respectively, and the delay elements replaced 
with elements that include a transmission medium adapted for respective types of radiation. 

Figure 14 is a block schematic illustrating a third embodiment of an inventive pulse-shaping 
and power-amplifying arrangement. A first signal X,, which represents a first quadrature- 
divided information signal component, for instance in an I-channel, of an underlying 
information signal is received by a first sigma-deita modulator 14010, and a second signal X Q • 
which represents a second quadrature-divided information signal component, for instance a Q- 
channel, of the same underlying information signal is received by a second sigma-delta 
modulator 14020. The first sigma-delta modulator 14010 modulates the first incoming signal 
X h wherewith a first digital signal Y, is obtained, and the second sigma-delta modulator 
14020 modulates the second incoming signal X Q , wherein a second digital signal Y Q is 
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obtained. The digital signal Yj, Y Q are delivered interleaved, in other words the second Y Q 
digital signal is set to zero when the first digital signal Yj has a signal value, and vice versa. 
The respective sigma-delta modulators 14010 and 14020 may be digital, as described with 
reference to Figure 1, or analogue, as described with reference to Figure 2, depending on 
5 whether the input signals X,, X Q are digital or analogue. The sigma-delta modulators 14010 
and 14020 may be of the lowpass-type or bandpass-type, depending on which is best suited 
for the application in question. 

The digital signals Y ( , , Y Q are processed in respective mixing and amplifying units 14030 and 
14040 in accordance with the first or second embodiment of the invention described with 

10 reference to Figure 4 and Figure 1 1 respectively. However, the second mixing and amplifying 
unit 14040 does not use its own symbol sequence for up-mixing the digital signal Y, but 
instead uses a symbol sequence B taken from the first mixing and amplifying unit 14030 and 
phase-shifted 90° in a phase-shifting unit 14040. In addition, a synchronising signal CL is 
transmitted from the first mixing and amplifying unit 14030 to the second mixing and 

15 amplifying unit 14040 and to the sigma-delta modulators 14010, 14020, to ensure that the 
system operates synchronously. 

The first mixing and reinforcing unit 14030 delivers a first voltage-switched signal Pj and the 
second mixing and amplifying unit 14040 delivers a second voltage switched signal Pq to a 
summation unit 14060 in which the voltage switched signals P, and P Q are added and form a 
20 summation signal P y ^. 

The summation signal P iQ is filtered in a filtering unit 14070, wherewith a desired signal 
spectrum is extracted and a band limited signal Piq.bp is generated. The centre frequency f 0 of 
the bandpass filter 14070 is preferably equal to half the symbol rate f B/2 of the symbol 
sequence B, so that a signal spectrum around this centre frequency f 0 is delivered to the output 
25 of the bandpass filtering unit 14070. When wishing to obtain a signal spectrum around a 
higher multiple, for instance m where m>n, of the symbol rate f B of the symbol sequence B, 
there is instead chosen a centre frequency f 0 corresponding to this multiple, i.e. f 0 = m"f H . 

Figure 15 is a block schematic illustrating a fourth embodiment of an inventive arrangement 
for pulse-shaping and power-amplifying an incoming information signal X. A sigma-delta 
30 modulator 15010 modulates the information signal X to provide a first Yj and a second Yq 
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quadrature-divided digital signal component. The digital signals Y [t Y Q are delivered 
interleaved, i.e. the second signal component Y Q is set to zero when the first signal Y ( has a 
signal value, and vice versa. The sigma-delta modulator 15010 may be digital or analogue, 
depending on whether the information signal X is digital or analogue, and the sigma-delta 
5 modulator 15010 may be of a lowpass-typc or a bandpass-type. 

The digital signals Y h Y Q are processed in the mixing and amplifying units 15020 and 15030 
respectively in accordance with the first or the second embodiment of the invention described 
respectively with reference to Figure 4 and Figure 11. However, the second mixing and 
amplifying unit 15030 does not use its own symbol sequence but instead uses a symbol 
10 sequence B that has been taken from the first mixing and amplifying unit 15020 and phase- 
shifted through 90° B, /2 in a phase-shifting unit 15040. The synchronising signal CL is also 
transmitted from the first mixing and amplifying unit 15020 to the second mixing and 
amplifying unit 15030 and to the sigma-delta modulator 15010 in order to ensure that the 
system operates synchronously. 

15 The first mixing and amplifying unit 15020 delivers a first voltage switched signal P ( , and the 
second mixing and amplifying unit 15030 delivers a second voltage switched signal to a 
summation unit 15050 in which the voltage switched signals P Q are added to form a 
summation signal 15050. The summation signal P, Q is then filtered in a filtering unit 15060, 
wherewith a desired signal spectrum is extracted and a band limited signal P IQ . DP is generated 

20 in the same way as that described with reference to Figure 14 above. 

It can be mentioned that the switch units in the mixing and amplifying units 15020, 15030 
need not be duplicated, since the digital signals Y,, Y Q are interleaved and are therefore 
defined in alternating moments in time. The switch units 15020 and 15030 will thus operate 
alternately. Consequently, one and the same switch unit can be used to generate alternately 
25 voltage pulses that represent the first P, and the second P Q voltage switched signal 
respectively. Naturally, the same applies to the solution described above with reference to 
Figure 14. 

Figure 16 is a fifth embodiment of an inventive pulse-shaping and power-amplifying 
arrangement. This solution presumes that two incoming signals X,, Xq are interleaved. The 
30 first signal Xj is assumed to represent a first quadrature-divided information-signal 
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component, for instance an I-channel, of an underlying information signal, and the second 
signal X Q is assumed to represent a second quadrature-divided information-signal component, 
for instance a Q-charmel, of the same underlying information signal. The first signal X ( is 
received by a first sigma-delta modulator 16010 and the second signal X Q is received by a 
second sigma-delta modulator 1 6020. 

The first sigma-delta modulator 16010 generates a first digital signal Y, and the second sigma- 
delta modulator 16020 generates a second digital signal Y Q . The digital signals Y I? Y Q are also 
delivered to a mixing and amplifying unit 16030 interleaved, in accordance with the first and 
second embodiment of the invention. A synchronising signal CL is transferred from the 
mixing and amplifying unit 16030 to the sigma-delta modulators 16010, 16020, to ensure that 
these modulators operate synchronously with the mixing and amplifying unit 16030. 

The mixing and amplifying unit 16030 delivers two interleaved voltage-switched signals P h 
P Q , which are filtered in a filtering unit 16040. Filtration of the signals results in a band- 
limited signal P iq . bp that includes a given signal spectrum. 

Figure 17 is a block schematic illustrating a sixth embodiment of an inventive pulse-shaping 
and power-amplifying arrangement. An incoming signal X is modulated in a sigma-delta 
modulator 17010 to form a first Yj and a second Y Q quadrature-divided digital signal 
component. The digital signals Y,, Y Q are delivered interleaved to a-mixing and amplifying 
unit 17020 in accordance with the first or the second embodiment of the invention. A 
synchronising signal CL is sent to the sigma-delta modulator 17010 from the mixing and 
amplifying unit 17020, to ensure that the entire system operates synchronously. 

The mixing and amplifying unit 17020 delivers to interleaved voltage-switched signals P b P Q , 
which are filtered in a filtering unit 17030. Filtering of these signals results in a band-limited 
signal P 1Q . BP which includes a given signal spectrum. 
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CLAIMS 

1 . An arrangement for pulse-shaping and power-amplifying an information signal (X, F ), 
comprising: 

a sigma-delta modulator (410. 11410) for generating a digital signal (Y) from the 
information signal (X [F ); 

a mixing and amplifying unit (420, 1 1420) for forming a voltage-switched 
information-carrying signal (P) from the digital signal (Y); and 

a filtering unit (430, 11430) for generating a band-limited signal (P BP ) from the 
voitage switched signal (P), characterised in that 

the digital signal (Y) is M-near, i.e. includes M-discrete signal values; and in that 

the mixing and amplifying unit (420, 11420) includes a switch unit (423) which 
includes at least M mutually independent switches (5330, 5340 and 12310, 12320 
respectively) which are used to generate the information-carrying signal (P). 

2. An arrangement for pulse-shaping and power-amplifying two quadrature-divided 
information signal components (X| and X Q respectively) comprising: 

a first sigma-delta modulator ( 1 401 0) for generating a first digital signal (Yj) from the 
first information signal component (Xi); 

a second sigma-delta modulator (14020) for generating a second digital signal (Y Q ) 
from the second information signal component (X Q ); 

a first mixing and amplifying unit (14030) for forming a first voltage-switched 
information-carrying signal (Pi) from the first digital signal (Y(); 

a second mixing and amplifying unit (14040) for forming a second voltage-switched 
information-carrying signal (Pq) from the second digital signal (Y Q ); 

a phase-shifting unit (14050) for generating from a first symbol sequence (B) 
generated in said first mixing and amplifying unit (14030); a second bit sequence (B n/2 ) 
phase-shifted in relation to the first symbol sequence (B) to said second mixing and 
amplifying unit (14040); 

a summation unit (14060) for forming a summation signal (P 1Q ) from said first (Pj) and 
said second (P Q ) voltage-switched signals; and 

a filtering unit (14070) for generating a band limited signal (P IQ ) from the summation 
signal (Pjq.bp)> characterised in that 
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said respective digital signals (Y ( and Y 0 ) are M-near, i.e. include M-discrete signal 
values; and in that 

said respective mixing and amplifying units (14030 and 14040) each include a switch 
unit (423, 11423) that includes at least M switches which are used to generate the respective 
5 voltage switched signals (Pj and Pq respectively). 

3. An arrangement for pulse-shaping and power-amplifying an information signal (X) 
comprises; 

a sigma-delta modulator (15010) for generating a first (Y,) and a second (Y Q ) 
quadrature-divided digital signal component from the information signal (x); 
10 - a first mixing and amplifying unit (15020) to form a first voltage-switched 
information-carrying signal (P { ) from the first digital signal component (Yj); 

a second mixing and amplifying unit (15030) for forming a second voltage-switched 
information-carrying signal (P Q ) from the second digital signal component (Y 0 ); 

a phase-shifting unit (15040) for delivering to the second mixing and amplifying unit 
15 (15030) a second symbol sequence (B H/2 ) taken from a first symbol sequence (B) generated in 
said first mixing and amplifying unit (15020), said second symbol sequence being phase- 
shifted in relation to the first symbol sequence (B); 

a summation unit (1 5050) for forming a summation signal (P, Q ) from said first (Pj) and 
said second Pq) voltage switched signals; and 
20 - a filter unit (15060 for generating a band-limited signal (P IQ ) from the summation 

signal (Piq„qp), characterised in that 

respective digital signal components (Y, and Y Q ) are M-near, i.e. include M-discrete 
signal' values; and in that 

respective mixing and amplifying units (1 5020 and 1 5030) each includes a switch unit 
25 (423, 11423) that includes at least M switches which are used in generating the respective 
voltage switched signals (P ( and P Q ). 

4. An arrangement according to Claim 1, 2 or 3, characterised in that said M switches 
(5330, 5340) are conductive elements (5330, 5340) whose electrical conductivity is contingent 
on the amount of ionising radiation that fails on said elements. 

30 5. An arrangement according to Claim 4, characterised in that said conductive elements 
(5330, 5340) are photoconductive elements. 
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6. An arrangement according to Claim 5, characterised in that said photoconductive 
elements (5330, 5340) are transistors, thyristors or diodes whose conductivity can be 
influenced with the aid of ionising radiation. 

7. An arrangement according to Claim 5, characterised in that said photoconductive 
elements (5330, 5340) are made of gallium arsenide. 

8. An arrangement according to Claim 5, characterised in that said photoconductive 
elements (5330, 5340) are made of gold doped silicon. 

9. An arrangement according to Claim 5, characterised in that said photoconductive 
elements (5330, 5340) are made of copper doped silicon. 

10. An arrangement according to Claim 4, characterised in that said conductive elements 
(5330, 5340) are primarily sensitive to X-rays, i.e. the electrical conductivity of said elements 
is comingent on the amount of incident electromagnetic energy of X-ray wavelength. 

11. An arrangement according to Claim 4, characterised in that the electrical conductivity 
of said conductive elements (5330, 5340) can be influenced by virtue of each free electron 
falling on said conductive elements (5330, 5340) generating a plurality of free charge carriers 
in said conductive elements (5330, 5340), i.e. the conductive elements (5330, 5340) can be 
controlled with the aid of electron beams. 

12. A method of pulse-shaping and power-amplifying an information signal (Y IF ) 
comprising the steps of: 

sigma-delta modulating (410) the information signal (X iF ) } thereby to form a digital 
signal (Y); 

mixing (421) the digital signal (Y) with a symbol sequence (B), therewith to generate 
a radio frequency signal (RF); 

decoding (422) the radio frequency signal (RF) depending on the prevailing 
information content of the digital signal (Y); 

switching (423) the radio frequency signal (RF), therewith forming a voltage-switched 
information-carrying signal (P); and 

filtering (430) the voltage switched signal (P), thereby generating a band limited signal 
(P BP ), characterised in that 

the digital signal (Y) is M-near, i.e. includes M-discrete signal values; and in that 
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the voltage switched signal (P) is formed from the radio frequency signal (RF) with 
the aid of at least M switches (5330, 5340), each of which controls an electric magnitude (-KJ 
and -U respectively). 

13. A method according to Claim 12, characterised by 

5 - converting the radio frequency signal (RF) to ionising radiation (o,, o 2 ); and in that 

said switches are conductive elements (5330, 5340) whose electric conductivity is 
contingent on the ionising radiation incident on said elements. 

14. A method of pulse-shaping and power-amplifying an information signal (X !F ) 
comprising the steps of: 

10 - sigma-delta modulating (11410) the information signal (X IF ), thereby forming a 
digital signal (Y); 

decoding (1 1422) the digital signal (Y) in dependence on the prevailing information 
content of the signal (Y); 

up-mixing (1 1421 ) the digital signal (Y), therewith generating a radio frequency signal 

15 (c !3 c 2 ); 

switching (11423) the radio frequency signal (c h c 2 ), therewith forming a voltage- 
switched information-carrying signal (P); and 

filtering (11430) the voltage-switched signal (P), thereby generating a band-limited 
signal (P BP ), characterised in that 
20 - the digital signal (Y) is M-near, i.e. includes M-discrete signal values; 

in that up-mixing of the digital signal (Y) includes the steps of generating a pulse 
(12110, 12120), converting said pulse to ionising radiation (o ls o 2 ); dividing (12150, 12160) 
said ionising radiation into at least two components which are transmitted via at least two 
delay elements (12170-12177) having mutually different signal delays and combination 
25 (12180, 12190) of said components to pulse trains (c,, c 2 ); 

in that said pulse trains (c x , c 2 ) irradiate one given conductive element (12310, 12320) 
of M possible elements, wherein the electric conductivity of said conductive elements is 
contingent on the ionising radiation (c,, c 2 ) incident on said elements, and in that an electric 
magnitude (+U, -U) is controlled with the aid of said conductive elements (123 10, 12320). 
30 15. A method of pulse-shaping and power-amplifying two quadrature-divided information 
signal components and X Q respectively) comprising the following steps. 
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sigma-delta modulating (14010) the first information signal component (X,), thereby 
forming a first digital signal (Yj); 

sigma-delta modulating (14020) the second information signal component (X Q ), 
thereby forming a second digital signal (Y Q ); 

separately mixing and switching (14030, 14040) the first (Y f ) and the second (Y Q ) 
digital signals, thereby generating two voltage-switched information-carrying signals (Pi and 
Pq respectively); 

combining (14060) the voltage-switched signals (P,, P Q ) } thereby forming a 
summation signal (P IQ ); and 

filtering (14070) the summation signal (P [Q ) S thereby generating a. band-limited signal 
(Piq-bp)i characterised in that 

the digital signals (Y,, Y Q ) are M-near 7 i.e. include M-discrete signal values; and 

in that said switching (14030 and 14040 respectively) is effected with the aid of at 
least M switches, each of which controls an electric magnitude (+U, -U). 

16. A method of pulse-shaping and power-amplifying an information signal (X) 
comprising: 

sigma-delta modulating (15010) the information signal (x), thereby forming a first 
(Y t ) and a second (Y Q ) digital signal; 

separately mixing and switching (15020, 15030) the respective first (Y,) and second 
(Y Q ) digital signals, thereby generating two voltage-switched information-carrying signals (P,, 
Pq); 

combining (15050) the voltage-switched signals (P,, P Q ), thereby forming a 

summation signal (Pi Q ); and 

filtering (15060) the summation signal (P IQ ) ? thereby generating a band-limited signal 

(Peq-bp)> characterised in that 

said digital signals (Y b Y Q ) are M-near, i.e. include M-discrete values; and in that 
said switching (15020 and 15030 respectively) is effected with the aid of at least M 

switches of which each controls an electric magnitude (+U, -U). 

17. A method according to Claim 15 or 16, characterised in that said switches are 
conductive elements (5330, 5340) whose electric conductivity is contingent on the ionising 
radiation incident on said elements. 
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18. A method according to Claim 13, 14 or 17, characterised in that said ionising 
radiation is electromagnetic energy of light wavelength; and in that said conductive element 
(5330,5340, 12310, 12320) is photoconductive. 

19. A method according to Claim 13, 14 or 17, characterised in that ionising radiation is 
electromagnetic energy of X-ray wavelength. 

20. A method according to Claim 13. 14 or 17, characterised in that said ionising 
radiation is comprised of free electrons. 
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